**Core tip:** Achalasia can be classified into three subtypes based on high-resolution manometry, with type 2 being the most responsive to therapy. Since no cure for achalasia exists, early diagnosis and treatment of the disease are critical. Pre-treatment counseling is paramount, as the goal of therapy is to improve swallowing and prevent late manifestations of the disease, rather than to restore normal swallowing and function. Pneumatic dilation and surgical or endoscopic myotomy are efficacious and reasonable first-line treatment options in appropriate candidates. In instances of therapeutic failure or symptom recurrence, different treatment modalities might need to be applied.

INTRODUCTION
============

Achalasia, a disease first described by Sir Thomas Willis in 1674 and formally named by Dr. Hertz in 1915\[[@B1]\], is the most common primary motility disorder of the esophagus. It is characterized by impaired deglutitive relaxation of the lower esophageal sphincter (LES) due to loss of the myenteric plexus\[[@B2]\]. While the inciting mechanism is not fully understood, autoimmune, viral immune, or neurodegenerative etiologies have been implicated\[[@B3]\]. It has been speculated that achalasia arises from a cascade of neuronal degeneration that is predicated on a viral infection triggering an autoimmune process in a genetically susceptible host\[[@B4]\]. An imbalance between excitatory and inhibitory neurotransmitters then leads to unopposed cholinergic stimulation thereby impairing LES relaxation. The disease has an estimated annual incidence of 1.6 in 100000 and a prevalence of 10.8 in 100000, with a peak age range between 30 and 60 years\[[@B4]\]. There is no racial or gender disparity in those with the condition\[[@B4]\].

Achalasia should be suspected in patients experiencing dysphagia to solids and liquids, and it is often accompanied by regurgitation of undigested food and saliva. The predominant symptom of progressive dysphagia to liquids and solids occurs in approximately 90% of patients with achalasia, and 76% to 91% of patients experience the next most common symptom of regurgitation\[[@B5]-[@B7]\]. Other symptoms including nocturnal aspiration or cough, heartburn, odynophagia, and epigastric pain occur to a variable extent\[[@B7]\]. Chest pain, seen in 25% to 64% of patients, is predominantly present in type III achalasia and generally responds less well to treatment than other symptoms, such as dysphagia and regurgitation\[[@B8]\].

The symptoms associated with achalasia are non-specific, which can lead to long delays between symptom onset and diagnosis (sometimes taking up to 5 years to make the diagnosis)\[[@B9],[@B10]\]. Similarly, patients without achalasia can also present with symptoms of dysphagia, regurgitation, recurrent aspiration, and chest pain in the setting of prior lap-band surgery, fundoplication, or pseudoachalasia - a syndrome that can involve malignant infiltration of the area encompassing the gastroesophageal junction (GEJ). Approximately 2% to 4% of patients suspected of having achalasia suffer from pseudoachalasia, although these patients tend to be older and have a shorter history of symptoms with more prominent weight loss\[[@B11]\]. When pseudoachalasia is suspected, expeditious evaluation for an infiltrative malignancy should be undertaken *via* endoscopy and endoscopic ultrasonography or cross-sectional imaging. Certain paraneoplastic syndromes can give rise to pseudoachalasia, and in cases of suspected small-cell lung carcinomas checking for type-1 antineuronal nuclear autoantibody (ANNA-1, also known as "anti-Hu" antibody) can sometimes be diagnostic\[[@B12]\]. Lastly, Chagas disease, which is caused by infection with *Trypanosoma cruzi*, can also result in achalasia, in addition to diffuse myenteric destruction, that can manifest as megacolon, heart disease, and neurologic disorders\[[@B3]\].

While eosinophilic esophagitis (EoE) can present as dysphagia in the absence of mechanical obstruction, achalasia should be easily distinguishable from EoE by endoscopic and manometric findings. Furthermore, if esophageal biopsies are required to exclude EoE as a possible diagnosis, care should be taken to avoid deep or extensive biopsies along the anterior (1 to 2 o'clock) or posterior walls (5 to 7 o'clock) of the mid-to-distal esophagus so as to prevent the formation of submucosal fibrosis, which can make future surgical or endoscopic myotomy more difficult.

DIAGNOSIS
=========

In patients with dysphagia and suspected achalasia, radiographic and endoscopic modalities should be utilized to exclude mechanical causes of dysphagia and to evaluate for GEJ narrowing or hypertonicity and esophageal dilation, which can support the diagnosis of achalasia. It should be noted that in early achalasia, both barium studies and endoscopy may be normal. However, in later stages, barium swallow may be characterized by the classic "bird's beak" appearance, whereby a dilated esophagus tapers significantly at the GEJ (Figure [1](#F1){ref-type="fig"}). An associated air-fluid level in the esophagus and an absent gastric bubble are other fluoroscopic clues of possible achalasia. Not only is a barium esophagram important in defining the morphology of the esophagus, but it can also be used as a functional test whereby an upright esophagram can be performed to measure esophageal emptying times over a 5-min period or longer\[[@B13],[@B14]\].

![Barium esophagram of a patient before and several months after per oral endoscopic myotomy. A 45-year-old woman with type II achalasia underwent per oral endoscopic myotomy (POEM). The pre-procedural barium esophagram (A, left panel) demonstrated a dilated esophagus with tapering at the gastroesophageal junction. Following POEM the patient gained 32 lbs over a 9-mo period but had occasional symptoms of regurgitation, which we suspected was from eating too much too quickly. Repeat barium esophagram showed the distal tapering of the gastroesophageal junction has resolved and there was immediate and unimpeded passage contrast passage into the stomach (B, right panel). A distal esophageal diverticulum was incidentally found, which can be seen in patients following POEM with a complete myotomy of the distal esophagus that is carried across the lower esophageal sphincter and into the gastric cardia.](WJG-22-8670-g001){#F1}

Endoscopy is important in the diagnostic workup of patients with achalasia, as it can rule out luminal malignancies of the esophagus and proximal stomach, which can also cause symptoms of dysphagia and weight loss. On endoscopic evaluation of patients with achalasia, static food and fluid are frequently found in an esophagus that is dilated proximal to the GEJ. Furthermore, a careful endoscopist can also evaluate for increased tone of the LES. In patients with "classic" achalasia, a diagnostic gastroscope can encounter moderate resistance at the LES and GEJ. With steady pressure and advancement of the gastroscope, ultimately the scope will pass into the stomach leading to a sensation of "giving way" or a "pop." Despite this "resistance" to passage of the gastroscope, achalasia is characterized by the absence of any mass, stricture, or mechanical obstruction. In patients with achalasia, stasis of luminal contents in the esophagus has also been implicated in development of esophagitis and might play a role in the 7-to-140-fold increased risk of subsequent esophageal adenocarcinoma, further supporting the need for endoscopic evaluation and possible screening in these patients\[[@B7]\].

Manometry remains the gold standard for diagnosis of achalasia and offers diagnostic accuracy in greater than 90% of cases\[[@B15]\]. The procedure involves the placement of a flexible pressure catheter through the nose, into the esophagus, and across the GEJ. Prior conventional manometric line tracings have now been supplanted by high-resolution manometry (HRM) that presents pressure data in the context of esophageal-pressure-topography plots\[[@B4]\]. HRM metrics using Clouse plots led the way to the variant descriptions of achalasia subtypes in the Chicago classification system\[[@B16]-[@B20]\]. The manometric finding of aperistalsis and incomplete LES relaxation in a patient without mechanical obstruction of the esophagus supports the diagnosis of achalasia in the appropriate clinical situation\[[@B3]\]. On HRM, impaired GEJ relaxation (or incomplete LES relaxation) is characterized by mean 4-second integrated relaxation pressure (IRP) of ≥ 10 to 15 mmHg\[[@B21]\].

SUBTYPES OF ACHALASIA
=====================

The Chicago classification is a currently accepted system that separates "classic" achalasia into 3 clinically relevant subtypes\[[@B21]\]. The manometric findings common to all types of achalasia include impaired relaxation of the LES (residual pressure or IRP of ≥ 10 mmHg) and absent peristalsis in a patient without mechanical obstruction near the LES\[[@B3],[@B18]-[@B20]\]. The variant types of achalasia are further defined as follows\[[@B21]\]: Type I: has 100% absent peristalsis and no significant esophageal pressurization; Type II: has 100% absent peristalsis with ≥ 20% of swallows with pan-esophageal pressurization to \> 30 mmHg (Figure [2](#F2){ref-type="fig"}); Type III: has ≥ 20% of swallows with premature spastic contractions (distal latency of \< 4.5 s).

![High-resolution esophageal manometry of a patient with achalasia. A 34-year-old man with progressive dysphagia to liquids and solids had a barium esophagram suggestive of achalasia. He presented for high-resolution manometry to confirm the diagnosis of achalasia. The manometric and topographic findings demonstrated aperistalsis with residual pressure at the lower esophageal sphincter with an elevated integrated relaxation pressure and pan-esophageal pressurization, which was consistent with type II achalasia by the Chicago classification.](WJG-22-8670-g002){#F2}

These classifications are not only descriptive, but they also have useful prognostic and therapeutic implications. Patients with type II achalasia have the best prognosis with 96% of patients reporting symptomatic improvement following treatment with myotomy or pneumatic dilation (PD). Patients with type I achalasia have response rates of around 81%, as these patients probably have late-stage disease with complete loss of inhibitory neurons. Patients with type III achalasia have the worst treatment response, estimated at around 66%, and this entity might actually represent a distinct entity unrelated to loss of inhibitory neurons\[[@B8],[@B21]\].

TREATMENT
=========

Early diagnosis to prevent end-stage disease should be the primary goal in the management of achalasia, as no curative therapies exist for this problem. Two percent to five percent of patients with achalasia will develop manifestations of end-stage disease, characterized by massive dilation and a sigmoid-like appearance of the esophagus - the so-called "mega-esophagus," which can necessitate esophagectomy\[[@B22]\]. Encouragingly, various treatments are available to alleviate dysphagia, restore lost weight, and combat progression to later-stage disease. Traditional therapeutic options have included surgical myotomy, PD, and pharmacologic therapy. However, novel, less-invasive, endoscopic myotomy techniques have also been demonstrated to be efficacious in expert centers. These therapies, which should be individualized to each patient's symptoms, age, and co-morbidities, are primarily aimed at disrupting the dysfunctional deep muscle of the distal esophageal and LES in order to permit the passive passage of food.

When considering an interventional procedure, it is also important to determine how clinical response can be gauged. In the case of treating achalasia, in addition to pre- and post-intervention barium and manometric studies, the Eckardt score offers a quantitative way to assess the clinical symptomatology of patients before and after achalasia therapy\[[@B23],[@B24]\].

Heller myotomy
--------------

Surgical myotomy was first performed and described by Heller in 1914 as a trans-abdominal extramucosal cardioplasty performed onto the anterior and posterior walls of the cardia\[[@B1]\]. The procedure was widely adopted due to its success. In 1962, Dor proposed the "technique de Heller-Nissen modifée" for the treatment of reflux esophagitis associated with cardiospasm, thereby providing relief of dysphagia while limiting gastroesophageal reflux disease (GERD)\[[@B1]\]. When performed, a concomitant Dor procedure is preferred to a complete Nissen fundoplication at the time of Heller myotomy given a lower respective rate of recurrent dysphagia (2.8% *vs* 15%, *P \<* 0.001)\[[@B25]\]. The operation has evolved to the procedure introduced by Pellegrini in 1992, in which a minimally invasive single anterior myotomy is performed *via* a laparoscopic approach through the abdomen\[[@B26]\]. The laparoscopic Heller myotomy (LHM) is currently the standard surgical approach for achalasia, due to the procedure's lower morbidity and relatively similar long-term outcomes when compared with the more invasive thoracotomy approach\[[@B27]\], with rates of efficacy ranging from 88% to 95%\[[@B4],[@B27]\]. Presently, several centers, including our own, offer robot-assisted LHM with excellent clinical results.

While the reported rates of clinical success with LHM have been consistently high, persistent or recurrent dysphagia does occur after LHM, which is usually due to an incomplete myotomy. Surgical expertise is an important predictor of good clinical outcomes, as more failures and complications occur during a surgeon's first 50 operations\[[@B28]\]. Complications from LHM include GERD and its sequelae (18%), need to convert to an open procedure (2%), and mucosal perforations (6.9%), although perforations are frequently identified and closed at the time of operation\[[@B27]\]. Nevertheless, given the potential morbidity and the cost of the operation (\$44839 in US Dollars for professional fees and facility charges for LHM with fundoplasty, when performed\[[@B29]\]), alternative, and less invasive therapies have been pursued particularly in patients with medical co-morbidities that might preclude surgery\[[@B30]\].

PD
--

PD disrupts the LES by forceful stretching by using large-diameter, non-compliant, dilating balloon catheters. Commercially available PD balloons include the Rigiflex II system (Boston Scientific, Natick, MA, United States) and the Achalasia Balloon Dilators (Hobbs Medical, Stafford Springs, CT, United States) that are available in 30 mm, 35 mm, and 40 mm diameters. The Achalasia Balloon (Cook Medical, Winston Salem, NC, United States) comes in 30 mm and 40 mm diameters. Other pneumatic dilating balloons are available outside the United States (Olympus Europa, Hamburg, Germany). With the aid of radio-opaque markers, the deflated balloon is positioned under fluoroscopic or endoscopic guidance across the LES\[[@B31]\]. The balloon is then gradually inflated until a fluoroscopic waist is identified across the mid-portion of the balloon that is subsequently obliterated by further dilation (Figure [3](#F3){ref-type="fig"}). Although this procedure has been widely performed for decades\[[@B32]\], no consensus exits with respect to the optimal distention protocol. Some operators only perform a single dilation\[[@B33]\], although most use graded dilations starting at 30 mm and then increasing in size on subsequent sessions every 2 to 4 wk based on symptom relief that is correlated with LES pressure\[[@B34],[@B35]\]. Kadakia et al\[[@B35]\] reported an overall success rate of 93% (in 27 of 29 patients with achalasia) undergoing graded dilation from 30 mm to 40 mm with a Rigiflex balloon. Disparate data on success rates have been reported, ranging from 35% to 85% over several years of follow-up\[[@B36]-[@B41]\]. Over a mean follow-up period of 2.4 years, Dobrucali et al\[[@B31]\] observed a success rate, defined as improvement in overall symptoms, of 56% in (24 of 43) patients with achalasia who were pneumatically dilated with a 30-mm balloon. Subsequent dilation with a 35-mm balloon resulted in improvement in 78% of the remaining patients who did not have a good initial response. However, only 54% of patients with follow-up data available at 5 years were symptom-free. Nevertheless, graded dilation appeared to be more effective in achieving symptom relief over 3 years (86% response rate) as compared to a single 30-mm balloon dilation (37% response rate)\[[@B42]\].

![Pneumatic balloon dilation of the lower esophageal sphincter in a patient with achalasia. A 44-year-old man with type II achalasia underwent pneumatic dilation of the lower esophageal sphincter (LES) under fluoroscopic guidance to 30 mm in diameter. The pneumatic balloon catheter was passed across the LES over a wire and then inflated with initial evidence of a waist in the mid-portion of the balloon (A); The balloon was kept inflated until the waist in the balloon was obliterated (B). A barium esophagram done immediately following pneumatic dilation showed no evidence of perforation.](WJG-22-8670-g003){#F3}

Predictors of poor response to PD include younger age (\< 40 years) at presentation\[[@B42]\] and a shorter duration of symptoms prior to treatment\[[@B43]\]. Two of the most important factors in predicting the need for retreatment include incomplete obliteration of the waist of the balloon and post-treatment elevated LES pressures. Incomplete balloon-waist obliteration was reported to result in 5- and 10-year symptom recurrence rates of 64% and 72%, respectively. A 3-mo post-treatment LES pressure above 10 mmHg was associated with 5- and 10-year symptom recurrence rates of 25% and 33%, respectively\[[@B36],[@B43]\]. Success also appeared to be predicated on the treatment being provided by experienced clinicians\[[@B38]\].

Overall, patients with characteristics that predict a poor outcome from PD should probably consider other options such as surgical or endoscopic myotomy. While rates of symptom improvement in a select group of patients following repeated PD for achalasia as high as 96.8% at 5 years and 93.4% at 10 years have been reported\[[@B41]\], many studies demonstrate that the treatment effect and symptom remission decreases over time\[[@B36],[@B37],[@B40]\]. Therefore, younger patients might be better managed with surgical or endoscopic myotomy, in light of possible diminishing returns with repeated PD\[[@B40]\].

Botulinum toxin injection
-------------------------

In patients with significant comorbidities who may not be good candidates for surgical or endoscopic myotomy, or even PD, pharmacologic therapies may be offered for symptomatic management of achalasia, although the efficacy of such an approach is typically limited. Endoscopy-directed botulinum toxin (BT) injection delivers pharmacologic therapy to the LES by blocking acetylcholine release from local nerve endings, thereby reducing LES tonicity\[[@B4]\]. Typically, 100 U of commercially available BT powder is dissolved in 5 mL of sterile normal saline, and this solution is injected in divided doses in to the muscularis propria of the GEJ. Our practice is to perform four quadrant injections (each containing 20 U of BT in 1 mL of solution) from the distal esophagus and one final injection (20 U of BT in 1 mL of solution) from the gastric cardia using a retroflexed scope position.

Cuillière et al\[[@B44]\] reported significant improvement in LES pressures after treatment and an improved symptom score at 2 wk, 2 mo, and 6 mo when compared with pretreatment values (*P \<* 0.001). Of 31 patients treated with endoscopically-delivered BT injection to the LES, 28 improved initially, although sustained response was seen in only 20 patients beyond 3 mo with general response duration averaging 1.3 years\[[@B45]\]. The response rate tended to be greater in patients older than 50 years of age (82% *vs* 43% in younger patients, *P =* 0.03) and in patients with vigorous (type III) achalasia (100% *vs* 52% with classic achalasia, *P =* 0.03). The effect of "Botox" injection tends to be temporary due to axonal regeneration, with most studies demonstrating minimal clinical efficacy after 1 year\[[@B14],[@B45],[@B46]\]. Furthermore, repeated BT treatments can induce submucosal fibrosis of the esophagus and GEJ, which can make subsequent surgical or endoscopic myotomy more difficult, resulting in an increased risk of intraoperative perforation as well as a higher rate of procedural failure\[[@B47]\]. Given the above, we do not recommend empiric BT injections as a diagnostic test for achalasia.

Comparison of traditional therapies
-----------------------------------

The efficacies of the aforementioned conventional therapeutic modalities have been evaluated against one another. When considering the efficacy of LHM *vs* PD, several factors must be taken into account including the patient's age, comorbid diseases that may preclude surgery or make complications (if they occur) potentially fatal, and prior therapies. Patients undergoing PD should be made aware of the possibility of perforation (overall median rate in experienced hands of 1.9% with a range of 0% to 16%)\[[@B3]\], as this complication would require inpatient observation, and could necessitate emergency esophageal stenting or even emergency surgery (including possible esophagectomy).

Okike et al\[[@B32]\] published one of the earliest and largest experiences comparing esophagomyotomy to forceful dilation of the esophagus for treatment of achalasia. Between 1949 and 1976, 431 patients underwent forceful hydrostatic or PD and 468 patients had an open transthoracic esophagomyotomy. Esophageal leaks and mediastinal sepsis occurred in 4% following dilation as compared to in 1% of patients following surgical myotomy, although no deaths resulted from these complications in either group. The 30-d mortality was 0.2% after myotomy and 0.5% after forceful dilation. The long-term results of esophagomyotomy were significantly better than those for forceful dilation (*P \<* 0.001). Furthermore, 16% of patients in the dilation group were dilated twice and 2% required dilation three or more times.

Gockel et al\[[@B11]\] followed 89 patients diagnosed with achalasia between 1998 and 2002 who underwent either PD (64 patients) or Heller myotomy (25 patients) in combination with an anterior semi-fundoplication (Dor procedure) and demonstrated more markedly improved LES resting pressures on manometry at 6 mo in patients undergoing myotomy as compared to PD (7.9 mmHg *vs* 14.5 mmHg, *P \<* 0.0001), suggesting the surgical approach to be superior.

When patient characteristics are favorable for PD, the clinical utility and cost of this procedure appear to beneficial relative to surgery\[[@B26],[@B30],[@B39]\]. A cost analysis performed by Parkman in 1993 suggested myotomy to be 5 times more costly than PD\[[@B39]\]. Moreover, even though the clinical benefit of repeat PD decreased over time, LHM remained at least 2.4 times greater in cost than treating with an initial PD. Using a Markov model, O'Connor et al\[[@B30]\] also demonstrated the overall favorable cost-effectiveness of PD compared to surgical myotomy over 5 years, which was driven by the high initial cost of surgery (incremental cost of \$5376750 per quality-adjusted life-year, QALY).

In an important study published in 2011, Boeckxstaens et al\[[@B48]\] randomized 201 patients with achalasia to PD (*n =* 95) or LHM with a Dor fundoplication (*n =* 106) and reported a mean follow-up period of 43 mo. In an intention-to-treat analysis, there was no difference between the groups in the primary outcome of therapeutic success (as defined by a drop in the Eckardt quality-of-life score to ≤ 3) at 1 year (90% for PD *vs* 93% for LHM, *P =* 0.46). Similarly, no difference was found between the groups in decreased LES pressures at 1 year (10 mmHg for LHM *vs* 12 mmHg for PD, *P =* 0.27), which led the authors to conclude that LHM when compared to PD was not associated with superior rates of therapeutic success. Five-year follow-up data from the initial study demonstrated no significant difference in success rates between PD and LHM (82% *vs* 84%, respectively, *P =* 0.92), although re-dilation was necessary in 25% of patients undergoing PD\[[@B49]\]. This study reported that esophageal perforation occurred in 4% of the patients during PD, and mucosal tears occurred in 12% during LHM. In a smaller randomized study published in 2015, patients with early-stage achalasia who were randomized to LHM had a 96% rate of symptom relief *vs* 76% in patients who underwent PD (*P =* 0.04)\[[@B50]\]. This study reported comparable rates of adverse events as esophageal perforation occurred in 8% of patients during PD, whereas mucosal tears occurred in 4% of the patients during LHM.

As previously mentioned, the appropriate initial therapy for achalasia should be dictated by a patient's clinical parameters, risk tolerance, and by locally available expertise. Although the risk of perforation with PD has variably been reported between 0% to 16%\[[@B3]\], Lynch et al\[[@B51]\] reported perforation in only 1 of 272 PD procedures (0.37%) over 12 years compared with 6 of 295 LHM procedures (2%) over a similar time period. There were no deaths in the PD group. These authors concluded that in high-volume centers PD had lower rates of complications and death compared with LHM. It should also be noted that both LHM and PD may result in post-treatment GERD, but only LHM can offers a simultaneous adjunctive procedure at the time of surgery to limit postprocedural reflux.

Studies comparing PD to BT injection have demonstrated improved clinical efficacy of PD in terms of immediate response and duration of response\[[@B14],[@B52],[@B53]\]. PD also tends to be more effective than BT from a cost-effectiveness standpoint\[[@B54]\] with an incremental cost-effectiveness ratio of \$1348 per QALY\[[@B30]\]. In a study comparing LHM to BT for symptom improvement in patients with achalasia, Zaninotto et al\[[@B46]\] randomized 40 patients to BT injection and 40 patients to LHM. At 6-mo follow-up, symptom scores were significantly better in the patients undergoing LHM compared with those undergoing BT injection (82% *vs* 66%, *P \<* 0.05). The probability of being symptom-free at 2 years was 87.5% after surgery *vs* 34% after BT (*P \<* 0.05). Despite being easy to perform and possessing a good safety profile, the limited clinical efficacy of BT injection to durably treat achalasia should limit its use to elderly patients who are considered to be unfit for surgery or as a salvage therapy following failure of other therapeutic modalities.

PER ORAL ENDOSCOPIC MYOTOMY
===========================

In an effort to minimize the potential complications and invasiveness of surgery and to improve upon the clinical efficacy of non-surgical therapy for achalasia, per oral endoscopic myotomy (POEM) was conceived of by Pasricha in 2007 and performed in a porcine model\[[@B55]\]. Baseline LES pressures were measured in 4 pigs who subsequently underwent upper endoscopy. A submucosal saline injection was made 5 cm above the LES followed by a small entry incision in the mucosa to facilitate introduction of a dilating balloon and creation of a submucosal tunnel. The scope was then advanced towards the LES and circular deep muscle fibers were then incised using an electrosurgical knife. The endoscope was then withdrawn back into the lumen of the esophagus and the defect was closed using endoscopically applied clips. Manometry repeated on day 5 after the procedure demonstrated the LES pressures to have decreased from an average of 16.4 mmHg prior to myotomy to an average of 6.7 mmHg following myotomy.

Based on his expertise in endoscopic submucosal dissection (ESD), Inoue et al\[[@B56]\] believed that this procedure could be safely performed in patients, and he performed POEM in 17 consecutive patients with achalasia (10 men and 7 women with a mean age 41.4 years). Included in this series were 3 patients who had previously received an uncomplicated balloon dilation. A dysphagia-symptoms-score was assessed for each patient prior to and several times after the procedure to objectively gauge improvement in symptoms. A barium swallow (to evaluate the degree of esophageal dilation) and a computed tomography (CT) scan (to provide information on anatomical structures adjacent to the esophagus) were performed in all patients prior to POEM. Patients with sigmoid-type achalasia (esophagus demonstrated a "U-turn" or a "double-lumen" on CT) were initially excluded, but were later included after success with the first 5 cases. A CT scan was also obtained on the day of the procedure following POEM to evaluate for mediastinal emphysema, and a barium swallow was completed the day after POEM to confirm passage of contrast through the GEJ without leakage. Esophageal manometry was also completed prior to and after the procedure.

All 17 patients underwent successful POEM for achalasia under general anesthesia and by using carbon dioxide gas for insufflation. An anterior approach was taken for 16 of these POEM procedures. A 2-cm longitudinal mucosal incision was made in the mid-esophagus to allow a 9.8-mm diagnostic gastroscope with a distal attachment cap to gain access to the submucosal space. A Triangle Tip Knife (Olympus, Tokyo, Japan) was used to dissect the submucosal layer and also to divide the circular muscle bundles. Endoscopic myotomy was begun 3 cm distal to the mucosal entry point and the submucosal tunnel averaged 12.4 cm in length. The myotomy of the deep circular muscle bundles was carried out to a distance at least 2 cm distal to the GEJ in to the proximal stomach. Minor bleeding occurred during the POEM procedures and was easily controlled by endoscopic coagulation. Once the mucosal defect was endoscopically closed with standard endoclips, substantial reduction in LES tone was confirmed by passing the endoscope through the lumen of the esophagus. Furthermore, patients' dysphagia symptom scores decreased from a mean of 10 prior to POEM to a mean of 1.3 following the procedure (*P =* 0.0003), and mean LES pressure decreased from 52.4 mmHg to 19.8 mmHg (*P =* 0.0001) after POEM\[[@B56]\].

Subsequently in 2015, Inoue et al\[[@B57]\] published their results from a cohort of 500 patients who all underwent successful POEM. Short- and long-term follow-up was reported. These investigators found a significant reduction in Eckardt scores and LES pressures at 2 mo, 1 year, and 3 years following POEM as compared to baseline values. Adverse events were observed in 16 of 500 patients (3.2%), which included 1 pneumothorax with mediastinal emphysema, 8 mucosal injuries, 3 postoperative hematomas, 1 case of inflammation in the lesser omentum, and 2 cases of pleural effusion. GERD was the biggest delayed complication of the procedure, which was reported in 16.8% of patients at 2 mo and 21.3% at 3-year follow-up. Length of hospital stay in this series was a median of 4 d (range of 4 to 5 d) after POEM, and no perioperative mortalities occurred.

The POEM procedure, and the equipment used to perform it, continue to be refined at a number of centers of expertise around the world, with similar results and complications as those in Inoue's series having been described in subsequent series\[[@B58]-[@B68]\] (Figure [4](#F4){ref-type="fig"}). Most endoscopists experienced with ESD no longer routinely use balloon dilation to create a submucosal tunnel, rather the tunnel is created by using electrosurgical dissection taking care to stay close to the deep muscle layer (as for a POEM, perforation is actually causing injury to the esophageal mucosa as opposed to the muscularis propria and adventitia).

![Per oral endoscopic myotomy in a patient with achalasia. A 56-year-old man with type II achalasia and a history of chronic alcohol use underwent attempted laparoscopic Heller myotomy. Upon retraction of the liver during surgery, large gastroesophageal varices were noted to arise and the surgery was aborted. The patient was exhorted to stop drinking alcohol. Doppler ultrasonography and magnetic resonance imaging with arterial and venous phase imaging did not show any significant gastroesophageal varices or obvious portal hypertension. Per oral endoscopic myotomy (POEM) was performed. Endoscopic views in the distal esophagus found some enlarged veins but no high-grade esophageal or gastric varices (A); Radial endosonography found a thickened deep circular muscle layer measuring 2.9 mm, which is commonly found in patients with achalasia, but no obvious esophageal varices were noted (B); A mucosal weal was created by injecting saline tinted with indigo carmine (C); and a mucosal entry incision was made (D); Submucosal dissection was carried out with sequential injection and electrosurgical dissection (E) using a T-type Hybrid knife in conjunction with an ERBEJET 2 and a VIO 300 D generator set at EndoCut Q 3-2-1 (ERBE, Marietta, GA, United States). Dissection of the circular layer of the muscularis propria was performed using the T-type Hybrid knife (F); After completion of the 7-cm-long myotomy in the distal esophagus that was carried out an additional 2 cm into the gastric cardia (G); the mucosal entry site was closed by using endoclips (H). The patient did well without any intra- or post-procedural bleeding. At clinic follow-up 2 mo later, the patient reported complete resolution of his symptoms of dysphagia and weight gain of 14 lbs.](WJG-22-8670-g004){#F4}

The first prospective series of POEMs performed in Europe included 16 patients and achieved success in 94% of cases, with reduction in LES pressures from a mean of 27.2 mmHg prior to POEM to 11.8 mmHg following treatment. Furthermore, none of the patients subsequently developed GERD\[[@B69]\]. Similar rates of overall success and complications were corroborated by the International POEM Survey (IPOEMS), which involved 16 expert centers\[[@B70]\].

A meta-analysis that included 4 studies of patients with achalasia who underwent LHM *vs* POEM reported that POEM patients had comparable rates of complications (OR = 1.17, *P =* 0.7), postprocedural GERD (OR = 1.00, *P =* 1.00), and symptomatic recurrence by Eckardt score (OR = 0.24, *P =* 0.13), with no difference in other outcomes including pain scores, operating times, and length of hospital stays when compared to those who had LHM\[[@B71]\]. In a separate study, quality-of-life assessments based on the SF-36 instrument in patients who underwent POEM increased at 3 wk, 6 mo, and 1 year following the procedure, which was comparable to the results seen following LHM\[[@B72]\]. Kumbhari et al\[[@B73]\] compared 49 patients with type III achalasia who underwent POEM across 8 international centers to 26 patients who underwent LHM at a single institution. Despite patients in the POEM arm receiving a longer-length myotomy (16 cm *vs* 8 cm, *P \<* 0.01), POEM procedures were completed in a significantly shorter mean procedure time (102 min *vs* 264 min, *P \<* 0.01), and patients who underwent POEM had significantly better clinical response (98.0% *vs* 80.8%, *P =* 0.01), as compared to those who underwent LHM. These authors surmised that patients with type III achalasia had a better clinical response following POEM than after LHM in this study because POEM enables a longer-length myotomy, as the endoscopic approach provides access to the esophageal body.

Furthermore, POEM was reported to have been safely performed and effective in a series of 40 consecutive patients that included 12 who had previously undergone PD or BT injection\[[@B74]\]. In this study, 12 patients had undergone previous alternative therapies, while 28 patients had received no intervention prior to POEM. There was no statistical difference in the 6-mo postoperative median Eckardt scores between the two groups (1 *vs* 1, *P =* 0.4). Ling et al\[[@B75]\] also reported on 21 patients who underwent POEM following failed PD. In that series, there was no statistical difference in postprocedural Eckhart scores, LES pressures, esophageal emptying, or quality-of-life indicators in those patients who had undergone failed PD prior to POEM compared with 30 control patients who had no intervention prior to POEM. However, mean POEM operating time was longer in the failed PD group (42.4 min) compared with the control group (34.3 min, *P =* 0.01). Alternatively, in a study with 40 patients, Orenstein et al\[[@B76]\] reported no statistical difference in operating times, GERD metrics, and SF-12 scores between patients who had undergone no interventions prior to POEM and those who had undergone prior interventions (including BT injection, balloon dilation, or surgical myotomy). The authors did state that a different approach was necessary in patients who had failed Heller myotomy as an anterior approach would not be effective and significant scarring could be encountered. In this situation, most experts perform POEM with the mucosal entry site and subsequent myotomy along the posterior wall of the esophagus.

As of 2016, we now have relatively robust, published data that demonstrate POEM to be an effective, minimally-invasive therapy for achalasia with similar outcomes to LHM. As POEM is now routinely performed by numerous experts in referral centers worldwide, additional comparative studies with long-term follow-up should be forthcoming. At present, the technique of performing POEM (type of knife used, type of electrosurgical current used at various steps in the procedure, isolated incision of the deep circular muscle *vs* full-thickness incision, *etc*.) and the optimal pre- and post-procedural protocol continue to be refined and can vary among high-volume centers.

For instance, in the IPOEMS survey, 88% of those surveyed reported obtaining routine early postoperative radiographic imaging\[[@B70]\]. Sternbach et al\[[@B77]\] subsequently evaluated the ability of barium esophagram obtained on postoperative day (POD) 1 in 72 patients undergoing POEM to predict symptomatic and physiologic outcomes at 1-year follow-up. Those patients found to have delayed esophageal emptying on barium esophagram performed on POD 1 had no difference at 1 year with respect to Eckhart scores, barium height at 5 min, or need for retreatment when compared with those patients without delayed emptying on barium esophagram. Despite these data, most centers still perform a barium esophagram within 1 d following POEM to rule out perforation, in addition to serving as an early indicator of efficacy following POEM.

As mentioned above, the endosurgical technique used to perform POEM can vary among centers, which is a phenomenon also seen with ESD. POEM has classically involved the use of separate devices to successively inject saline tinted with a blue dye (diluted indigo carmine or methylene blue) into the submucosal space, followed by dissection with an ESD knife (such as a DualKnife or Triangle Tip Knife, Olympus America, Center Valley, PA or an I-type or T-type Hybrid Knife, ERBE, Marietta, GA) in a sequential and repeated fashion.

However, in a recent cohort of 9 patients undergoing POEM, repeated water-jet injection of tinted saline through the dedicated channel of the gastroscope (thereby mitigating the need for an injection needle) resulted in consistent staining of the submucosal fibers, which enabled accurate, efficient, and safe dissection with a Triangle Tip Knife\[[@B78]\]. Cai et al\[[@B79]\] further demonstrated differing procedural times in 100 patients undergoing POEM who were randomized to the conventional multi-device technique (using a 23G injector needle and a TT Knife, Olympus) or to use of a HybridKnife (I-type or T-type, ERBE) with an ERBEJet2 (ERBE) system that enables atraumatic submucosal injection of saline as well as electrosurgical dissection by using a single endoscopic device. The group that underwent POEM with the HybridKnife had a significantly shorter average procedure duration (22.9 min), without any severe complications, compared with the group that underwent POEM with the conventional multi-device technique (35.2 min, *P \<* 0.0001). Other commercially available knives that enable both injection and electrosurgical incision and dissection are expected to be made available in the United States in 2016-2017.

Overall, POEM is a significant addition to the armamentarium of the interventional or surgical endoscopist for the endoscopic treatment of achalasia. It is our belief that the most effective treatment for patients with achalasia is the precise visualization and incision of the dysfunctional circular muscle of the distal esophagus, the LES, and the proximal gastric cardia. We believe that irrespective to how the myotomy is performed - whether by using a robot-assisted or laparoscopic surgical approach or by using a flexible endoscope - as long as a proper myotomy is achieved, the treatment results should be equivalent. What might differ between an endoscopic and a surgical approach might be the rates or types of complications. Furthermore, with ever changing and decreasing procedural reimbursement, particularly for flexible endoscopy codes in the United States, the relative cost of LHM *vs* POEM is likely to change-probably in favor of POEM. With additional comparative long-term data and multi-center reports, we believe that POEM will likely become a widely accepted and effective endoscopic therapy for achalasia.

OTHER ENDOSCOPIC INNOVATIONS
============================

Other endoscopic advancements that might help patients with achalasia include use of the Endolumenal Functional Lumen Imaging Probe system (EndoFLIP, Crospon, Carlsbad, CA, United States) to measure LES distensibility at the time of POEM in order to improve long-term outcomes by giving an intraprocedural indicator of the adequacy of the myotomy prior to tunnel closure\[[@B80]\]. Additional innovative endoscopic ideas in this field have included injection of ethanolamine at the GEJ as a cheaper but clinically equivalent alternative to BT\[[@B81]\], as well as temporary use of a large caliber 30-mm self-expandable metal stent\[[@B82]\] for symptomatic improvement in patients with achalasia (which is not commercially available or approved for use in the United States). Of course, as with other currently accepted techniques for treating achalasia, robust data denoting successful long-term outcomes with acceptable risk profiles will be required prior to generalized use of any new and innovative techniques.

IMPORTANCE OF COUNSELING
========================

Regardless of whether PD, LHM, or POEM is performed, all proceduralists strive for ideal outcomes with no or few complications. However, it should be underscored that achalasia is a lifelong disease with no cure. At best, the goal of pharmacologic, radiographic, endoscopic, or surgical treatment of achalasia is to allow patients to eat better (without constant dysphagia), maintain their weight, and reduce the risk of developing a megaesophagus. Patients must understand that they will never eat "normally" as they did prior to being diagnosed with achalasia. In particular, following a complete myotomy (regardless of whether it is by LHM or POEM), patients can never lay flat because of the risk of aspiration from an incompetent LES. Also, patients must be careful to swallow only small quantities of well-chewed food and to allow gravity with adequate time to allow this manageable food bolus to pass from the esophagus into the stomach. Patients with successful and complete myotomies who swallow too much food in too quick a manner are prone to "overflowing" the 7-to-10-cm-long myotomy in their distal esophagus, which can lead to symptoms of dysphagia and regurgitation from food that is backed-up in the non-treated mid-to-proximal esophagus, thereby mimicking an incomplete myotomy.

CONCLUSION
==========

Endoscopy is an important tool in the diagnostic workup of achalasia. Endoscopic therapies also offer a range of minimally invasive treatments for patients with this non-malignant but incurable disease. Overall, the choice of which therapy to use to treat a patient with achalasia should be based on clinical factors including the patient's age, medical comorbidities, risk tolerance, and the local expertise of the managing physicians. HRM should be obtained to definitively diagnose achalasia, as it also enables the diagnosis of the subtype of achalasia, which in turn might help guide treatment. We generally counsel patients on the long-term data supporting use of PD or surgical myotomy, and we also give patients the option to pursue POEM as a minimally-invasive endoscopic alternative to LHM.

Based on presently available data, we believe that both LHM and POEM, when done properly by an experienced surgeon or endoscopist, can achieve excellent clinical results, particularly in patients with type I or type II achalasia. Furthermore, we feel it reasonable to proceed with myotomy (either LHM or POEM) as first-line therapy over pharmacologic options including BT injection in younger, healthier patients. However, in patients with limited life expectancy or those who are poor operative candidates, less invasive therapies such as repeated BT injection or even percutaneous endoscopic gastrostomy tube placement are appropriate considerations. While PD is effective and can be repeated, if required, the random disruption of the LES and deep muscle layer of the distal esophagus can make subsequent LHM or POEM more challenging and more dangerous.

Ultimately, thoughtful and tailored application of various therapies for patients with achalasia can provide long-term symptomatic improvement. Despite this optimism, the data do show that recurrent symptoms can occur up to years later following successful LHM, POEM, or PD. However, re-treatment is possible typically by PD or POEM at a site that has not undergone prior myotomy. Patient counselling and behavioral modification are paramount to achieving good postprocedural outcomes, as achalasia can only be treated but not cured. Finally, endoscopic management may also extend to screening for malignancy in patients with achalasia as their risk of esophageal cancer is increased. However, with limited data and no official recommendations regarding endoscopic screening, decisions regarding whether or not to screen and how frequently to do this falls on the judgment of the treating physician in consultation with his or her patient.
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